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SEMICONDUCTOR DEVICE HAVING TEST MARK

BACKGROUND OF THE INVENTION

Field of the Invention

5 The present invention relates to a semiconductor

device having a test mark and, more particularly, to a

semiconductor device in which an extension of a crack from

the test mark is prevented.

Description of the Related Art

10 Referring to Fig, 13A, a semiconductor wafer 10

contains a plurality of block portions 11. In the process

of fabricating semiconductor elements on the semiconductor

wafer 10, each of the block portions 11 is exposed to light

in one shot process.

15 Referring to Fig. 13B, which shows an enlarged

block portion 11, a plurality of semiconductor chips 12 are

fabricated in the block portion 11, and also dicing lines

or tracks 13 along which the. block portion 11 will be diced

and separated into semiconductor chips 12 are formed

20 between the semiconductor chips 12, Generally, a test mark

(not shown) is formed in the dicing line 13, for example,

for measuring a thickness of a deposited layer, determining

overlay accuracy, or measuring a characteristic of a device.

Referring next to Fig. 14A, there is shown an

25 enlarged plan view of a test mark fabricated in the dicing
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line. Also, a cross sectional view along lines B-B in Fig.

14A is shown in Fig. 14B. As shown, a semiconductor

substrate 21 bears a first insulating layer 22 made of

tetraethyl orthosilicate including boron and phosphorus

5 which has good characteristic of step coverage, referred to

"BPTEOS layer" hereinafter, which in turn supports a second

insulating layer 23 made of tetraethyl orthosilicate,

referred to "TEOS layer" hereinafter. A recess or concave

24 for use as a test mark is formed in the TEOS and BPTEOS

10 layers, 22 and 23, and terminated at the surface of the

substrate 21 facing to the BPTEOS layer 22. When viewed

from above, i.e., from the direction indicated by the arrow

29 in Fig. 14B, the recess 24 has a square in configuration

defined by four vertical walls, and one side of the square

15 recess 24 is about 10 to 100)om in length.

Disadvantageously, the BPTEOS layer 22 is melted

or deformed in a heat treatment such as a sintering step,

on the other hand, the TEOS layer 2 3 is scarcely deformed

in the step. This results in that cracks 27 are formed in

20 the BPTEOS layer 22 at the corner of the recess 24 near the

TEOS layer 23 as shown in Fig. 14A. The cracks 27 extend

outwardly and then destroy the semiconductor elements or

another test marks (not shown) fabricated on the

semiconductor substrate 21.

25 Particularly, the test mark has a large area in
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horizontal cross section such as a square configuration of

lOOiom x 100pm or a rectangular configuration of 1pm x 100pm,

for example, and has four corners. Therefore, stresses

concentrate at these corners by the deformation of the

5 BPTEOS layer 22, causing the formation of the cracks 27.

In order to prevent formation of the cracks 27, a

structure shown in Figs- 15A and 15B has been proposed- In

the structure, a metal layer 25 such as a capacitor lower

electrode is formed on the BPTEOS 22 as a stop layer,

10 thereby a recess 24 is formed only in the TEOS layer 23

above the metal layer 25.

However, for example, the thickness of the TEOS

layer 23 can not be measured exactly by the use of the test

mark. This is because the metal layer 25 is formed in the

15 TEOS layer 23. Therefore, the test mark is prohibited from

being used for the measurement of the thickness of the TEOS

layer 23. Also, the presence of the metal layer 25

prevents the exact determination of overlay accuracy.

Therefore, the mark is not used for determining overlay

20 accuracy.

SUMMARY OF THE INVENTION

Accordingly, an object of the present invention

is to provide a semiconductor device having a test mark

25 which prevents extension of a crack arisen at the corner of
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a recess which is used as a test mark, thereby adverse

affect to a semiconductor element by the crack is prevented.

To this end, the inventors of the present

invention have made intensive research on this subject. As

5 a result, the inventors have found that by forming a metal

layer on the BPTEOS layer near the corners of the recess,

thereby the extension of the cracks formed in the BPTEOS

layer can be terminated by the metal layer.

That is, present invention provides a

10 semiconductor device having a test mark* The device

comprises a semiconductor substrate; a first TEOS layer

formed on the semiconductor substrate; a second TEOS layer

formed on the first TEOS layer and having a fluidity lower

than that of the first TEOS layer at high or an elevated

15 temperature; a recess formed in the first and second TEOS

layers and terminated at the surface of the semiconductor

substrate, wherein the horizontal cross section of the

recess is substantially rectangular in configuration; and a

metal layer formed between the first and second TEOS layers

2 0 and opposing to the corner of the recess.

In the case that a crack is arisen in the first

TEOS layer at the corner of recess by the deformation of

the first TEOS layer, the extension of the crack can be

terminated by the metal layer. Thereby, the destruction of

25 a semiconductor element or another test mark, which is
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caused by the extension of the crack, can be prevented.

The first TEOS layer may contain boron and/or

phosphorus. Such a TEOS layer containing boron and/or

phosphorus, which is referred as a BPTEOS layer, is easy to

5 melt or deform, so that a crack is easy to arise.

Preferably, the metal layer is a square-shaped

layer surrounding the recess. By use of such a metal layer,

the extension of a crack can be terminated.

The metal layer may be an L-shaped layer

10 surrounding the corner of the recess. This is because that

most of the cracks are arisen at the corner of the recess

and extend in a diagonal direction of the recess.

The metal layer may be a delta-shaped layer of

which one side opposes to the corner of the recess. The

15 extension of a crack can be terminated effectively by such

a metal layer.

Also, a semiconductor device of the present

invention may further comprise an outer metal layer formed

outside of the metal layer so that the outer metal layer

20 opposes to the corner of the recess through the metal layer.

A crack that extends through and outward the

metal layer can be terminated by the outer metal layer.

Also, a semiconductor device of the present

invention may further comprise a lower metal layer embedded

25 in the first TEOS layer which extends between the top and
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bottom surfaces each neighboring to the semiconductor

substrate and the metal layer. The extension of a crack

can be terminated effectively by such an embedded metal

layer,

5 The lower metal layer may consist of a plurality

of cylindrical metal layers.

As can be seen from above description, a crack

extended from the corner of the recess for use as a test

mark can be terminated by the metal layer which is formed

10 around the recess. Thereby, a production yield of a

semiconductor device having such a test mark can be

increased.

BRIEF DESCRIPTION OF THE DRAWINGS

15 Fig, 1A is a plan view of a semiconductor device

having a test mark according to the present invention;

Fig. IB is a cross sectional view of the

semiconductor device along lines A-A in Fig. 1A;

Figs. 2A to 2C are a semiconductor device

20 according to the present invention;

Figs. 3A to 3G are cross sectional views of a

semiconductor device at different steps in its producing

process according to the present invention;

Figs. 4 to 12 are a semiconductor device having

25 another test mark according to this invention;
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Fig. 13A is a plan view of a semiconductor wafer

containing a plurality of semiconductor chips;

Fig. 13B is an enlarged plan view of the

semiconductor chip of Fig. 13A;

5 Fig. 14A is a plan view of a conventional

semiconductor device having a test mark;

Fig. 14B is a cross sectional view of the

semiconductor device along lines B-B in Fig. 14A;

Fig. ISA is a plan view of a conventional

10 semiconductor device having a test mark; and

Fig. 15B is a cross sectional view of the

semiconductor device along lines C-C in Fig. ISA.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

IS Referring to Fi.g. 1A, there is shown an enlarged

partial plan view of the semiconductor device generally

indicated by reference numeral 100. The semiconductor

device is formed at its one surface with a dicing line 8

having a certain width, along which a grooving or dicing

20 will be done.

Fig. IB shows a cross sectional view of a part of

the semiconductor device 100 along lines A-A in Fig. 1A.

As can be seen from this drawing, the semiconductor device

100 includes a substrate 1 on which semiconductor elements

25 (not shown) are integrated. For clarify, the semiconductor
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elements are eliminated from the drawings. The

semiconductor substrate 1 bears a first insulating layer 2

made of tetraethyl orthoslicate including boron and

phosphorus, referred to as "BPTEOS layer" hereinafter,

which in turn supports a second insulating layer 3 made of

tetraethyl orthoslicate, referred to as "TEOS layer"

hereinafter.

Within the dicing line 8, a recess or concave 4

for use as a test mark is formed in the first and second

layers, BPTEOS and TEOS layers 2 and 3, which terminates at

the surface of the substrate 1 facing to the BPTEOS layer 2.

When viewed from above, i.e., from the direction indicated

by the arrow 9 in Fig. IB, the recess 9 has a square in

configuration defined by four vertical walls. It may be

envisioned that the recess 4 is a rectangular in

configuration

.

The BPTEOS layer 2 includes a first metal layer 5

leaving a certain space from and running around the recess

4. In this embodiment, the first layer extends between the

top and bottom surfaces each neighboring to the TEOS layer

3 and the substrate 1. The formation of this metal layer 5

will be described later. Also, the TEOS layer 3 includes a

second metal layer 6 embedded in its bottom surface facing

to the BPTEOS layer 2. The second metal layer 6 runs along

the first metal layer 5. As can be seen from Fig. IB, the
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first metal layer 5.

It should be noted that the BPTEOS layer 2 is

made of material having a specific melting point which is

less than a temperature in which the semiconductor device

100, after it is mounted with various parts, is heat

treated to fuse electrical connecting parts such as solder

bumps- In contrast, the TEOS layer 3 is made of material

having a specific melting point greater than the fusing

temperature. As a result, in the heat treatment, the

BPTEOP layer 2 melts or softens. The TEOS layer 3, on the

other hand, does not melt or soften in the heat treatment.

This may result in a crack 7 at each corner of the square

recess 4 of the BPTEOS layer 2.

This crack 7 tends to extend in a diagonal

direction as shown in Fig 1A, -but it terminates at the

metal layer 6 and will never extend beyond the metal layer

6. This is advantageous that the crack 7 would never

provided adverse affect to the semiconductor elements or

other recesses (not shown) disposed outside the metal layer

6.

Fig. 2A is a partial plan view of the

semiconductor device 100 shown in Fig 1A. In Fig.-2A, the

TEOS layer 3 is eliminated from the drawing. Fig. 2B is a

cross sectional view of the semiconductor device 100 along
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lines 2B-2B in Fig 2A, and Fig. 2C is a cross sectional

view of the semiconductor device 100 along lines 2C-2C in

Fig 2A. In Figs. 2B and 2C, the substrate 1 is eliminated

from the drawings. As shown in Figs. 2A to 2C, the first

5 metal layer 5 is plate-shaped and extends through the

BPTEOS layer 2 between the substrate 1 and the second metal

layer 6.

Referring next to the Figs. 3A to 3G, the method

for fabricating the semiconductor device having a test mark

10 will be described.

In this process, as shown in Fig. 3A, a BPTEOS

layer 2 is formed on a semiconductor substrate 1 as a first

insulating layer. Also, as shown in Fig. 3B, by use of

conventional photolithography and etching techniques,

15 grooves 2 1 are formed in the BPTEOS layer 2.

Subsequently, as shown in Fig. 3C, a first metal

material layer 5' is deposited on the entire surface of the

BPTEOS layer 2 so as to embed the grooves 2'. Then, by use

of conventional CMP or etch back techniques, the first

20 metal material layer 5 f is polished so as to remain in the

grooves 2'. The remained first metal material layers 5 T

are used as metal layers 5 as shown in Fig. 3D.

Then, as shown in Fig. 3E, a second metal

material layer (not shown) is deposited on the BPTEOS layer

25 2 and the metal layers 5, in turn, it is patterned to form
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a second metal layer 6. The second metal layer 6 runs

along and covers the first metal layers 5 continuously as

shown in Fig. 3E.

Finally, as shown in Fig. 3F, a TEOS layer is

5 deposited on the BPTEOS layer 2 and the second metal layer

6. Also, as shown in Fig. 3G, the TEOS and PBTEOS layers,

3 and 2, are etched, so that a recess or concave 4 is

formed which is used as a test mark. Then a semiconductor

device 100 according to this embodiment is accomplished.

10 It is noted that preferably the first and second

metal layers, 5 and 6, may be made from aluminum, copper or

aluminum silicate.

In Fig. 4A, there is shown a partial plan view of

a semiconductor device of another variation of this

15 embodiment, in which the TEOS layer 3 is eliminated from

the drawing. Fig. 4B is a cross sectional view of the

semiconductor device along lines 4B-4B in Fig 4A, and Fig,

4C is a cross sectional view of the semiconductor device

along lines 4C-4C in Fig 4A. In Figs. 4B and 4C, the

20 substrate 1 is eliminated from the drawings.

As illustrated in these drawings, a plurality of

the metal layers, each of which is cylindrical and extends

between the top and the bottom surfaces of the BPTEOS layer

2, may be used as a first metal layers 5.

25 Fig. 5A is a partial plan view of a semiconductor
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device of another variation of this embodiment, in which

the TEOS layer 3 is eliminated from the drawing. Fig. 5B

is a cross sectional view of the semiconductor device along

lines 5B-5B in Fig 5A, and Fig. 5C is a cross sectional

5 view of the semiconductor device along lines 5C-5C in Fig

5A. In Figs. 5B and 5C, the substrate 1 is eliminated from

the drawings

.

As illustrated in these drawings, no first metal

layer is formed beneath the second metal layer 6. That is,

10 only the second metal layer 6 terminates the extension of

the crack from the corner of the test mark (not shown)

.

In the producing process described above, the

first and second metal layers, 5 and 6, are formed in the

separate steps, however, these layers may be formed in one

15 step. That is, after the first metal material layer 5 ? is

deposited on the BPTEOS layer 2 as shown in Fig. 3C, the

first and second metal layers, 5 and 6, are formed

simultaneously by use of conventional photolithography and

etching techniques. This result in that the first and

20 second metal layers, 5 and 6, are formed from the first

metal material layer 5' as shown in Figs. 6A and 6B, which

are cross sectional views of a semiconductor device.

Referring to Figs. 7 to 12, preferred formations

of the second metal layer 6 on the BPTEOS layer 2 are shown.

25 The Figs. 7 to 12 are partial top views of a semiconductor
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device 100 having a test mark 4. For clarify, TEOS layers

are eliminated from these drawings.

As shown in Fig, 7 , the second metal layer 6 may

be formed to surround and leave a certain space from the

5 recess 4, so that the second metal layer 6 is a square-

shaped layer. By surrounding the recess 4 by the second

metal layer 6, extension of a crack from the corner of the

recess 4 can be terminated by the second metal layer 6,

Also, as shown in Fig. 8, each of the second

10 metal layer 16 may be an L-shaped layer, which surrounds

the corner of the recess 4. As described above, at the

corner of the recess 4, a stress in concentrated, causing

the formation of the crack, and the crack tends to extend

in a diagonal direction of the recess 4. Therefore, the

15 second metal layer 16, which is opposed to the corner of

the recess 4, can terminate the extension of the crack.

Also, as shown in Fig. 9, each of the second

metal layer 2 6 may be a delta-shaped layer of which one

side opposes to the corner of the recess 4. Most of the

20 cracks are generated at the corner of the recess 4,

therefore the delta-shaped layer 2 6 can terminate the

extension of the crack.

Further, as shown in Figs. 10 to 12, another

metal layer may surround the metal layer described above.

25 That is, referring to Fig. 10, the L-shaped metal layer 16
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is formed to be opposed to the each corner of the square-

shaped metal layer 6. Also, referring in Fig. 11, the

delta-shaped metal layer 2 6 is formed to be opposed to the

each corner of the square-shaped metal layer 6. Further,

5 referring to Fig. 12, the delta-shaped metal layer 26 is

formed to be opposed to the each corner of the L-shaped

metal layer 16 which is opposed to the corner of the recess

4.

By forming inner and outer metal layers described

10 above, in the case that the crack expands through and

outward the inner metal layer, the expansion of the crack

can be terminated by the outer metal layer.

It is noted that a first metal layer 5 may be

formed beneath these metal layers 6, 16 and 26.
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WHAT IS CLAIMED IS:

1. A semiconductor device having a test mark comprising:

a semiconductor substrate;

a first TEOS layer formed on said semiconductor

5 substrate;

a second TEOS layer formed on said first TEOS layer

and having a lower fluidity than that of said first TEOS

layer at an elevated temperature;

a recess formed in said first and second TEOS layers

10 and exposing the surface of said semiconductor substrate,

wherein the horizontal cross section of said recess is

substantially rectangular in configuration; and

a metal layer formed on said first TEOS layer and

opposing to the corner of said recess.

15 2. A semiconductor device according to claim 1, wherein

said first TEOS layer contains boron and/or phosphorus.

3. A semiconductor device according to claim 1, wherein

said metal layer is a square-shaped layer surrounding said

recess

.

20 4. A semiconductor device according to claim 1, wherein

said metal layer is an L-shaped layer surrounding the

corner of said recess,

5. A semiconductor device according to claim 1, wherein

said metal layer is a delta-shaped layer of which one side

25 opposes to the corner of said recess.
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6. A semiconductor device according to claim 1, further

comprising an outer metal layer formed outside of said

metal layer so that said outer metal layer opposes to the

corner of said recess through said metal layer.

5 7. A semiconductor device according to claim 1, wherein a

lower metal layer is embedded in said first TEOS layer

which extends between the top and bottom surfaces each

neighboring to said semiconductor substrate and said metal

layer.

10 8. A semiconductor device according to claim 7, wherein

said lower metal layer consists of a plurality of

cylindrical metal layers.
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ABSTRACT OF THE DISCLOSURE

A semiconductor device having a test mark

comprising: a semiconductor substrate; a first TEOS layer

5 formed on the semiconductor substrate; a second TEOS layer

formed on the first TEOS layer and having a fluidity lower

than that of the first TEOS layer at an elevated

temperature; a recess formed in the first and second TEOS

layers and exposing the surface of the semiconductor

10 substrate, wherein the horizontal cross section of the

recess is substantially rectangular in configuration; and a

metal layer formed between the first and second TEOS layers

and opposing to the corner of the recess.
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Marunouchi 2-chome, Chiyoda-ku, TOKYO 100-8310 JAPAN



Full name of seventh inventor Akinori KINUGASA

Inventor's signature WfiJrt&u, fU^n^md^ Date June 13 f 2QQQ

Residence Tokyo, Japan Citizenship Japan

Post Office Address c/o Mitsubishi Denki Kabushiki Kaisha, 2-3

,

Marunouchi 2-chome, Chiyoda-ku, TOKYO 100-8310 JAPAN

Full name of eighth inventor Shigenori KIDO

Inventor's signature ^u^^nl f^^e Date June 13, 2000

Residence Tokyo,, Japan Citizenship Japan

Post Office Address c/o Mitsubishi Denki Kabushiki Kaisha, 2-3,

Marunouchi 2-chome, Chiyoda-ku, TOKYO 100-8310 JAPAN


